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Soil contamination with heavy metals is a critical environmental and public health
problem worldwide. Metals such as lead, zinc, cadmium, copper and arsenic accumulate
continuously in soils, thereby increasing the risk of toxicity to microbial communities, plants,
animals and humans. Radina Nikolova’s dissertation examines the taxonomic composition,
functional activity and key environmental factors shaping soil microbial communities in areas
affected by long-term heavy metal contamination near the largest lead and zinc production plant
in Southeastern Europe — the Non-Ferrous Metals Plant (NFM) 2000, Plovdiv. Radina
Nikolova’s research contributes significantly to the fields of ecological microbiology, soil
science, environmental risk assessment and to a better understanding of the plasticity and
resilience of soil ecosystems in areas contaminated with heavy metals.

The dissertation covers 197 pages, including an Appendix of 12 Tables with detailed data
from the theoretical analyses. The dissertation includes standard sections, with the Results and
Discussion sections included in separate chapters. The dissertation contains rich illustrative
material of 27 figures and 33 tables, which support the results reported by the student and
contribute to their easier perception by the reader. The literature review is based on 303 literary
sources and is indicative of the student's good familiarity with the state and trends of research on
the topic of the dissertation work. This is even more evident from the literature review, written in
good literary language and scientific style. It examines key issues for the study such as the
influence of abiotic and biotic environmental factors on the soil microbiome. Special attention is
paid to approaches for studying the microbiome and the features of microbiomes in soils
contaminated with heavy metals. | find that the overview is sufficiently comprehensive and
purposefully guides the reader to the essence of the study.

The aim of the study is clearly stated: To establish the taxonomic and functional
characteristics of the soil microbiome in soils persistently affected by heavy metal pollution and
to identify key environmental factors that shape these microbial communities. In methodological
terms, the study is multifaceted and combines precise physicochemical soil analyses (including
ICP-MS determination of heavy metal concentrations) with state-of-the-art molecular
microbiological profiling (16S rRNA and ITS gene sequencing) to characterize the bacterial and
fungal communities. The use of bioinformatics tools such as PICRUSt2 for functional pathways
prediction, enzyme activity analyses and advanced statistical analyses, including correlation and
ordination approaches, further enhance the comprehensiveness and reliability of the results.

The chapters Results and Discussion cover over a third of the dissertation (70/197 pages),
which shows that the emphasis is placed on the own data and their interpretation, which is an



important indicator of the scientific value (the scientific component of the PhD degree) of a
dissertation work. The investigations show that the studied soils are contaminated with heavy
metals above the permissible limits, but the bioavailable fractions are low, which is an indication
of a significant buffer capacity of the soil, mitigating the direct toxicity of heavy metals on
microbial communities. Analyses of microbial communities reveal distinct taxonomic changes
along the pollution gradients. Some bacterial and fungal taxa maintain high diversity and
abundance in all sampling sites and are classified as resistant or tolerant to heavy metals.
Functional analyses identified 26 specific microbial metabolic pathways associated with
microbial adaptation and resistance to heavy metals, with their abundance significantly
correlated with pollution levels, highlighting the resilience of the microbiome. Abiotic soil
parameters, such as moisture content, organic carbon and phosphate, significantly modulate the
structure and function of microbial communities. Despite pollution, heterotrophic bacterial
communities retain a broad metabolic potential, especially in carbohydrate assimilation to
support their energy needs in highly polluted soils. Enzyme activity analyses confirmed a
significant preservation of the functional capacity of the soil microbiome, which decreased
significantly only in the most polluted sites.

At the end of the dissertation, a total of 7 conclusions are formulated, which accurately
and concisely reflect the content of the dissertation. In addition, Radina has evaluated her
research in the context of already published data, clearly formulating three original and two
confirmatory contributions. The abstract represents a suitably abbreviated version of the
dissertation work, whereby it has not lost any of its merits, which is why | accept the way in
which it is structured and presented to the reader.

The results of the study are reported in three published papers with a total impact factor
of 2.062, which meets the formal requirements of the IMB-BAS for acquiring the PhD degree.
At the time of writing the dissertation, a total of 29 independent citations of the recently
published articles (in 2022 and 2023) have been registered, which is indicative of their
significance and contribution to the field of study. The results of the dissertation have been
presented at a total of 9 scientific forums, at two of which the doctoral student received awards
for the best oral presentation. It is worth noting that to date the doctoral student has participated
in the implementation of a total of 4 projects - two funded by the National Science Foundation,
one under the national scientific program BioActiveMed and one under the EBR with the Czech
Academy of Sciences, which means that Radina has gained significant experience in teamwork
and in the implementation of research projects.

CONCLUSION

Radina Nikolova's dissertation contains significant scientific results related to soil
microbial communities subjected to prolonged stress from heavy metal pollution. The
multidisciplinary approach used, encompassing chemical, molecular, biochemical and
bioinformatic methods, reinforces the value and significance of this study. The identification of
pollution-resistant taxa and functional adaptation mechanisms is important for monitoring soil



health, bioremediation potential and assessing environmental risk. The study is in line with the
goals of environmental sustainability and the principles of the One Health approach, which
emphasizes the interrelationship between human, animal and environmental health. In the course
of the development of the dissertation, the doctoral student has mastered a large number of state-
of-the-art experimental and theoretical methods and has gained experience in developing
research projects. The results of the study have been published in refereed international journals,
with Radina being the first author in all publications. With these scientific metrics, the PhD
student fully meets the criteria of the Law for the Development of the Academic Staff in the
Republic of Bulgaria and that of BAS and IMB-BAS for obtaining the PhD degree. Therefore,
without any hesitation | give my positive vote for the PhD degree to be awarded to Radina
Nikolaeva Nikolova in Professional Field 4.3 Biological sciences, scientific specialty "Molecular
Gentics".
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